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Abstract : The main aim of this paper is to introduce a new concept of N,,— mapping namely 
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topological spaces . 
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1. Introduction 


Then the idea of N,,—set theory was introduced by F.Smarandache[7] . It includes three 
components, truth , indeterminancy and false membership function . R.Dhavaseelan and S.Jafari[5] 
has introduced the concept of N,,g — closed sets . A.A.Salama[11] has very first discussed about 
Ney — continuous function and he also discussed about N,,,— open and closed mapping . The real 
life application of N,,, — topology is applied in Information Systems , Applied Mathematics etc . 

In this paper, we introduce some new concepts in N,,, — topological spaces such as N,,gsa* — 
closed map and N,,gsa* — open map . 


2. Preliminaries 


Definition 2.1:[12] Let P be a non-empty fixed set . A N,,, — set H on the universe P is defined as H= 
{(p, (te), in), fir@))) +p © P} where tyr(y),ir(y), fry) represent the degree of membership 
tip(y), indeterminacy i,;(w) and non-membership function fi;(y) respectively for each element y € P 
to the set H. Also, ty, ig, fp : P>]°0,1*[ and 0< t-(@)+ipW) + frW) s 3* . Set of all 
Neutrosophic set over P is denoted by Neu(P) . 


Definition 2.2:[12] A neutrosophic topology (NeT) on a non-empty set P is a family ty, of Ney — 
sets in P satisfying the following axioms , 


(i) ONnen , Neu € TNeu 7 
(ii) Ay NA, Cty, for any A,, Az €ty,, - 
(iii) UA; € Ty,,, for every family {A; /i€ Qu} Sty,, . 


In this case , the ordered pair (P, te) or simply P is called a N,,, — topological space (Ne, TS) . The 
elements of Ty,,, is neutrosophic open set (Ne, — OS) and Ty,“ is neutrosophic closed set (Ney, — CS) . 


Definition 2.3:[1] A N,,, — set A in a N,,TS (P, ty.) is called a neutrosophic generalized semi alpha 
star closed set (N.,gsa* —CS) if Ne,a — int(N,,@ — cl(A)) © Ne, — int(G), whenever A&G and G 
is Ne,a* —OS. 
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Definition 2.4:[2] A N,,,TS (P, ty...) is called a Nz, gsa* — T1/, space if every Ne,gsa*—CS in 
(P, Tie) isa N., — CS in (P, | ; 


Definition 2.5:[5] Let fy : (P, tHe.) > (Q , on,,) be any N,,— function and A = 


{« Dp, (ta(v), ix), fal) i pe P} be any N,,, — set in (P, ty, ) , then the image of A under f is 
denoted by fy(A) , is a Ney— set in (Q, On.) and is defined by fy(A) = 


{64,(F(taCad).£(ia@d),£(fa@)) 1 €Q}, 


F -1 
where fur(ta(a)) = [Paci tx(p), if fv (4) #@ 
0 , otherwise 


faliged) = [S"Poerwvo UCP). Hf fu *C@) #0 


: otherwise 


(1 — fy - fx))@) = . pefy-rq) a”), if fu (4) #9 
1 


“ otherwise 
3. Neutrosophic gsa* — Open and Closed Maps 


Definition 3.1: A N,,, — function fy: (P, Eye.) > (Q, On.) is N.,gsa* — closed map if the image of 
every Nx, —CS in (Pty, is a Ne,gsa*—CS in (Q, On) . (ie) fy(A) is a Ne,gsa*—CS in 
(Q, oy,,) , for every Ne,-CS A in (P,ty,,) . The complement of N,,gsa*— closed map is 
NewgSa* — open map. 


Theorem 3.2: Every N,,, — closed map[10] is N.,.gsa* — closed map , but not conversely. 


Example 3.3: Let P ={y} and Q ={4} . Ty,,, = {Onew? Le, A} and oy,,, = {Oe ae are N,,1S on 
(P,ty,,,) and (Q, oy,,) , A= {(p,(0.4,0.6,0.8))} and B= {(g,(0.2,0.4,0.6))} . Define a map 
fv: (P, ty.) 2 (Q, On,,) by fu) =q. Let AS = {( p, (0.8,0.4,0.4))} be aN. — CS in (P,ty,,) . Then 
fu (A°) = {(g, (0.8, 0.4,0.4))} is Ne,gsa* — CS in (Q, Ow.) => fy is Neygsa* — closed map . But fy is 
not N,, — closed map , because fy( A‘) isnot Ney — CS in (Q, oy,,,) - 


Theorem 3.4: Every N,,,a@ — closed map[10] is N.,gsa* — closed map , but not conversely. 


Example 3.5: Let P ={y} and Q ={4} . Ty,,, = {Ov3 Le, A} and oy,,, = {O%.., w2a8} are N,,,TS on 
(P,ty,,) and (Q, oy,,), A= {, (0.3,0.8,0.6))} and B= {(g,(0.3,0.2,0.8))} . Define a map 
fv: (P, ty.) > (Q, On,,) by fu) =q. Let AS = {(p , (0.6,0.2,0.3))} be a No, — CS in (P,ty,,) . Then 
fu (A°) = {(g,,(0.6 ,0.2 ,0.3))} is Noygsa* — CS in (Q, Ons, ) => fy is Neygsa* — closed map . But fy is 
not N,,,@ — closed map , because fiy( A‘) is not N,a@ — CS in(Q, oy,,) - 


Theorem 3.6: Every N,,,5 — closed map[6] is N.,gsa* — closed map , but not conversely. 


Example 3.7: Let P ={y} and Q = {gq}. Ty,,, = {ONscs Ay. At and oy, = {0x ; Aya BY are N,,,1S on 
(P,ty,,) and (Q, on,,) » A= fp, (0.2,0.7,0.8))} and B= {(g,(0.4,0.3,0.6))} . Define a map 
fv: (P, ty.) > (Q, On,,) by fu) =q. Let A° = {(p , (0.8,0.3,0.2))} be aN. — CS in (P,ty,,). Then 
fu (A°) = ((q, (0.8, 0.3 ,0.2))} is N.,gsa* — CS in (Q, On.) => fy is Neygsa* — closed map . But fy is 
not N,,S — closed map , because fiy( A‘) isnot Ne,S— CS in (Q, ay,,,) « 


Theorem 3.8: Every N,,,gsa* — closed map is N,,,8 — closed map[10] , but not conversely. 


Example 3.9: Let P = {y} and Q = {q}. ty,,, = {Oye Ana At and oy,,, = {Oy Ayz48} are N,,,1S on 
(P,ty,,) and (Q, oy,,) , A= {(v,(0.5,0.6,0.4))} and B= {(g,(0.6,0.8,0.4))} . Define a map 
fy: (P, Ty) >(Q, Gye.) by fy(y) = 4. Let A° = {(p, (0.4,0.4,0.5))} be a Ney, — CS in (P, tye.) . Then 
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fv (AS) = (4g, (0.4, 0.4, 0.5))} is Newb — CS in (Q, oy,,) > fy is Newb - closed map . But fy is not 
Neugsa* — closed map , because fy (A°) is not Neygsa* — CS in (Q, oy,,) - 


Theorem 3.10: Every N,,,gsa* — closed map is N,,7gf — closed map[9] , but not conversely. 


Example 3.11: Let P ={y} and Q ={g}. ty, = ae i mey and oy,,, = {One ye s8} are N,,, 1S on 
(P,ty,,) and (Q, oy,,) , A= {p, (0.2,0.5,0.3))} and B= {(g,(0.4,0.6,0.2))} . Define a map 
fe OP: Tye) >(Q, Ons) by fy(p) = 4. Let A° = {(p, (0.3,0.5,0.2))} be a Ney, — CS in (P, Tie) . Then 
fv (AC) = ((g,, (0.30.5, 0.2))} is NeyrgB —CS in (Q, Ove) => fy is NeytgP — closed map . But fy is 
not N,,gsa* — closed map , because fy(A°) is not N.~gsa* — CS in (Q, on,,,) 


Remark 3.12: The concept of N,,,G* — closed map[4] and N,,,gsa* — closed map are independent . 


Example 3.13: Let P ={y} and Q ={g}. ty, = {0x3 1y..:A} and oy,,, = {Oneu s1y.,+8} are N,,, 1S on 
(P,ty,,) and (Q, oy,,) » A= {(p,(0.8,0.9,0.7))} and B= {(g,(0.5,0.3,08))} . Define a map 
fv: (P, ty.) > (Q, On,,) by fu) =@. Let AS = {(p , (0.7,0.1,0.8))} be a No, — CS in (P,ty,,) . Then 
fu (AS) = (Gg, (0.7, 0.1,0.8))} is Ney gsa* — CS in (Q, One) => fy is Neygsa* — closed map . But fy is 
not N,,G* — closed map , because fy(A°) isnot N..G*— CS in(Q, oy,,,) - 


Example 3.14: Let P ={py} and Q ={g}. ty, = {Oy,.,7 Le, A} and oy,,, = {Oye ily} are N,,,TS on 
(P,ty,,) and (Q, oy,,) , A= {iv,(0.4,0.3,0.9))} and B= {(q,(0.7,0.4,0.6))} . Define a map 
fv: (Pty) > (Q, On,,) by fu) = 4G. Let AS = {(p, (0.9,0.7,0.4))} be a No, — CS in (P,ty,,) . Then 
fv (AC) = {(g , (0.9, 0.7,0.4))} is NeyG* — CS in (Q, oy,,,) = fy is NewG* —closed map . But fy is not 
Neygsa* — closed map , because fy (A°) is not N.,gsa* — CS in(Q, On.) 


Remark 3.15: The concept of N,,g — closed map[10] and N,,,gsa* — closed map are independent . 


Example 3.16: Let P ={y} and Q ={g}. Ty, = {Oy 1y.4,At and oy,,, = {One ily.48} are N,,,TS on 
(P,ty,,) and (Q, oy,,) , A= {p,(0.7,0.7,0.2))} and B= {(g,(0.4,0.3,0.6))}  . Define a map 
fv: (P, ty.) 2 (Q, On,,) by fu) =4@. Let AS = {(p , (0.2,0.3,0.7))} be aN. — CS in (P,ty,,) . Then 
fr (AS) = {(g, (0.2,0.3,0.7))} is Neygsa* — CS in (Q, Onis) => fy is Neygsa* — closed map . But fy is 
not Neg — closed map , because fy (A°) isnot Neug — CS in(Q, oy,,,) - 


Example 3.17: Let P = {y} and Q= {g}. ty,,, = (Ones Ive» A} and oy, = {Oneu Lies 8} are N,,,TS on 
(P, tye, ) and (Q, Gi.) , A= {(p, (0.9,0.8,0.8))} and B= {(g,(0.6,0.8,0.4))} . Define a map 
fv: (P, tw) 2 (Q, On,,) by fu) = 4G. Let AS = {(p, (0.8,0.2,0.9))} be a No, — CS in (P,ty,,) . Then 
fv (AS) = {(g , (0.8, 0.2,0.9))} is Newg — CS in (Q, oy,,) = fy if Neug —closed map . But fy is not 
Neygsa* —closed map , because f(A‘) is not No,gsa* — CS in (Q, Gx, ) . 


Remark 3.18: The concept of N,,,P — closed map[10] and N,,,gsa* — closed map are independent . 


Example 3.19: Let P = {y} and Q= {g}. ty,,, = {One dycr A} and oy, = {0y.., sly sB} are N,,,TS on 
(P,ty,,) and (Q, oy,,) , A= {(p,(0.4,0.4,0.5))} and B= {(g,(0.3,0.2,0.8))} . Define a map 
fy Tye) >(Q, On.) by fy(p) = q. Let A° = {(p, (0.5,0.6,0.4))} be a Ney, — CS in (P, tN.) . Then 
fu (A) = (Gg, (0.5, 0.6, 0.4))} is Neygsa* — CS in (Q, Owe) => fy is Neygsa* —closed map . But fy is 
not N,,P — closed map , because fy (A°) is not N..P — CS in (Q, oy,,,) - 


Example 3.20: Let P = {py} and Q ={g}. ty, = {0.2 Lye, A} and oy,,, = {One ,1y,,,-B} are N,,, 1S on 
(P, i.) and (Q, Oui.) , A= {(p,(0.8,0.4,0.3))} and B= {(g,(0.7,0.6,0.5))} . Define a map 
fu (P; tHe) >(Q, Gn) by fy(y) = q. Let A° = {(p, (0.3,0.6,0.8))} be a N,, — CS in (P, Ne, . Then 
fv (AS) = {((g, (0.3, 0.6, 0.8))} is NeyP—CS in (Q, oy,,) > fv iS NewP —closed map. But fy is not 
Neygsa* —closed map , because fy (A°) is not N.,gsa* — CS in (Q, Gu) 
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Remark 3.21: The concept of N,,,bg — closed map[8] and N,,,gsa* — closed map are independent . 


Example 3.22: Let P = {y} and Q={g}. ty, = {Oy Aye At and oy,,, = {Oy ; 14.8} are N,,,TS on 
(P,ty,,) and (Q, oy,,) , A= (yp, (0.6,0.1,0.7))} and B= {(g,(0.5,0.3,0.8))} . Define a map 
fv: (P, tw.) > (Q, On,,) by fu) =q. Let A° = {(p , (0.7,0.9,0.6))} be aN. — CS in (P,ty,,) . Then 
fu (AS) = {(g, (0.7, 0.9, 0.6))} is N.,gsa* — CS in (Q, OW.) => fy is Neygsa* —closed map . But fy is 
not N,,bg — closed map , because fy(A°) is not No,bg — CS in (Q, ov,,)- 


Example 3.23: Let P ={p} and Q ={g}. ty, = {0x3 1y....At and oy,,, = {One lye 8} are N,,,TS on 
(P,ty,,) and (Q, oy,,) , A= {(p, (0.8,0.6,0.6))} and B= {(q,(0.7,0.8,0.3))} . Define a map 
fv: (P, tw.) > (Q, On,,) by fu) = 4G. Let AS = {(p, (0.6,0.4,0.8))} be a N., — CS in (P,ty,,) . Then 
fv(AD) = {gq , (0.6, 0.4, 0.8))} is Newbg — CS in (Q, oy,,,) > fy is Newbg — closed map . But fy is not 
Neygsa* —closed map , because fy (A°) is not N.,gsa* — CS in (Q, Ou.) : 


Remark 3.24: Let f: (P, ty...) > (Q, Gu...) and g: (Q,oy,,,) > (R, Vii; ) be Ne,gsa* — closed map , 
then gof : (P, tie) > (R, Viv.) need not be N,,,gsa* — closed map . 


Example 3.25: Let P = {y} and Q={g}. Ty, = {One«i Le, A} and oy,,, = {Oy ; 1y..i 3} are N,,,TS on 
(P,ty,,,) and (Q, on,,) » A= {py, (0.6,0.3,0.9))} and B= {(g,(0.4,0.5,0.7))} . Define a map 
fv: (P, tw.) > (Q, ow,,) by fu) =@. Let A° = (py, (0.9,0.7,0.6))} be a Ne, —CS in (P,ty,,) - 
Then fi (A°) = {(g, (0.9, 0.7, 0.6))} is Ne,gsa* — CS in(Q, Ow.) => fy is Neygsa* — closed map . Let R 
={r}. Also, C= {(r, (0.2,0.7,0.8))} is Ne,(R) and yy,,, = {Ow ily, €} is N.,TS on (R, Vive, )* Define 
amap gy :(Q, Oy.) >(R, Vi) by gy(q—0.2)=r7 .Let B°= {(qg, (0.7,0.5,0.4))} be a N,,, — CS 
in (Q oy,,,)- Then gy(@°%) = {(r, (0.5, 0.3,0.2))} is Ne,gsa* —CS in (R,Yw-,,) > gn is Neygsa* — 
closed map . Define amap gyofy : (P, This, ) > (R, Vii) by gyofy(y — 0.2) = 7 . But gyofy is 
not Ne,gsa* — closed map , because gy0fy(A°) is not No, gsa* — CSin(R, Viv.) ; 


Theorem 3.26: Let fy: (P, i) > (Q, On, and gy: (Q,on,,,) > (R,Yw,,,) be N.,gsa* — closed map 
. Also, (Q, Guz.) is Noy, gsa* — Ty, space, then gyOfy : (P, tye) > (R, Viz) is No, gsa* — closed 


map. 


Proof: Let A be any N,,—CS in (P, TNS) . Given fy is Neygsa* — closed map , then fy(A) is 
Neygsa* —CS in (Q,on,,,) . Given (Q,oy,,,) is Ney,gsa* — Ty, space , then fy(A) is N,,—CS in 
(Q,oy,,,) . Given gy is Ne,gsa* — closed map , then gy(fy(A)) = gyofy(A) is Neygsa*—CS in 
(R,Yv,,) 2 9nofv is Neygsa* — closed map . 


4. Properties of Neutrosophic gsa* —Open and Closed Maps 


Theorem 4.1: Let fy: (P) ty.) > (Q, OH.) be N,,a@— closed map and gy: (Q, oy,,,) > (R, Vw) 
be N.,gsa* — closed map . Also , (Q, Oi) is No,gsa* — Ty, space, then gyOfy : (P, Ti, ) > 
(R, Yn, is Ne,gsa* — closed map . 


Proof: Let A be any N,, —CS in (P, yc.) . Given fy is Ne,a— closed map , then fy (A) is Ne,a — CS 
in (Q,on,,,) => fyv(A) is Neygsa*—CS in (Q,oy,,,) . Given (Q,oyn,,,) is Neygsa* — Ty, space , then 
fy(A) is Ne, — CS in (Q,oy,,,) . Given gy is Neygsa* — closed map , then gy(fy(A)) = gyofy (A) is 
Neygsa* —CS in (R,Yw-,,) => gyofy is Neygsa* — closed map . 


Remark 4.1(a): The above theorem is true if we replace fy: (P, Tie) > (Q, Gy) as N,,5 — closed 
map, N,,,a@* — closed map , N,,,R — closed map , N.,,Sa — closed map and N,,,ga@ — closed map . 


Theorem 4.2: Let fy: (P, Tris) > (Q, Ow.) be N.,, — closed map and gy : (Q,oy,,,) aad (R,Yw,,,) be 
Neygsa* — closed map, then gyofy : (P, Tie, ) > (R, Vie) is Neygsa* — closed map . 


P. Anbarasi Rodrigo and S. Maheswari, Neutrosophic gsa*-open and closed maps in neutrosophic topological 
spaces 


Neutrosophic Systems with Applications, Vol. 8, 2023 46 
An International Journal on Informatics, Decision Science, Intelligent Systems Applications 


Proof: Let Abe any N,,, — CS in (P, tye.) . Given fy is Ne, — closed map, then fy (A) is Ne, —CS in 
(Q, oy,,,) . Given gy is Neygsa* — closed map , then gy(fy(A)) = gyofy(A) is Neygsa* —CS in 
(R,Yw,,,) => gnofy is Neygsa* — closed map . 


Theorem 4.3: Let fy: (Pye, ) >(Q, Oi) be N,,@— continuous , surjective and (P, Tye) be 
Neygsa* — T1/, space. Also, gyofy : (P, Tic) >(R, Vives) be N.y,gsa* — closed map, then gy: 
(Q, on.) > (R+Ynve,) is Neugsa* — closed map . 


Proof: Let Abe any Ne, —CS in(Q, On.) . Given fy is N.,a@— continuous , then fy ‘(A) is No,a@— 
CS in (P, ty, ) => fy (A) is Neygsa* —CS in (P, Tye). Given (P, tN...) be N.y,gsa* — T1, space , 
then fy (A) is No, —CS in (Pi ty-.) . Given gnofy : (P, Tis) > (R, Vn.) is N.,gsa* — closed 
map , then gyofy (fv 7) is N.,gsa*—CS in (R, Vn, . Given fy is surjective , then gy(A) is 
Neygsa* —CS in(R, Vives) => gn is Neygsa* — closed map . 


Remark 4.3(a): The above theorem is true if we replace fy as N.,,S —continuous , N,,,@* — continuous , 
Ne,R — continuous , N,,,Sa — continuous and N,,,ga — continuous . 


Theorem 4.4: Let fy: (Pity) >(Q, Ow.) be N.,— continuous and surjective . Also, gyofy : 


(P, yes) > (R, Yew) be N.,gsa* — closed map , then gy: (Q,on,,,) > (R,Ywe,) is Neygsa* — 
closed map . 


Proof: Let Abe any Ne, —CS in(Q, Gy.) . Given fy is N.., — continuous, then fy *(A) is Ney, — CS 
in (P, tie) . Given gyofy :(P, Tye) >(R, Vir.) is N.,gsa* — closed map , then gyofy(f~1(A)) is 
Neygsa* —CS in(R, Vn) => gy(A) is N.,gsa* —CS in(R, Yeu) => gn is Neygsa* — closed map . 


Theorem 4.5: Let fy: (P, ty, ) > (Q, One) and gy: (Q,oy,,,) > (R,Yw,,,) be two N.,, — mappings, 
such that their composition gyofy : (P, Tye, ) > (R, Virs,) be N.,gsa*— closed map . Then the 
following statements are true . 


(1) If gy is Neygsa* — irresolute[2] and injective , then fy is N..gsa* — closed map . 
(2) If gy is strongly N,,,gsa* — continuous[3] and injective, then fy is N.,gsa* — closed map . 
(3) If gy is perfectly N.,gsa* — continuous[3] and injective, then fy is Ne,gsa* — closed map . 


Proof: (1), Let Abe any N,,—CS in (P, ty) . Given gnyOfy : (P, tyes) > (R, Yn, ) is Neygsa* — 
closed map , then gyofy(A) is Neygsa* —CS in (R, Vu) . Given gy is N.,gsa* — irresolute , then 
In *(gnofv (A) is Neygsa* — CS in(Q, Ove) . Given gy is injective , then gy~1(gyofy(A)) = f(A) is 
Noygsa* —CS in (Q, One) => fy is Neygsa* — closed map . 


(2), Let Abe any N,,—CS in (P, Tye.) . Given gyOfy : (P, Tyee) > (R, Viz.) is N.,gsa* — closed 
map, then gyofy(A) is Ne,gsa* —CS in(R, Ynez) . Given gy is strongly N.,gsa* — continuous , then 
In (gnofv(A)) is Ney —CS in (Q, On.) . Given g is injective , then gy~'(gyofy(A)) = fy(A) is 
Neu — CS in (Q, oy,,,) > fv(A) is Neugsa* —CS in(Q, on,,) > fy is Newgsa* — closed map . 


(3), Let Abe any N,,—CS in (P, tye) . Given gnyOfy : (P, tye) > (R, Viz, ) is N.,gsa* — closed 
map, then gyofy(A) is Ne,gsa* — CS in (R, Yn, ) . Given gy is perfectly N,.,,gsa* — continuous , then 
In '(gnofv(A)) is both N.,-OS and N,,—CS in (Q, Ove) .Given gy is injective , then 
Jn *(GwOfy(A)) = f(A) is both Ney— OS and Ney—CS in (Q, on,,,) > f(A) is Neugsa* —CS in 
(Q, oy,,) > fv iS Neugsa* — closed map . 
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Theorem 4.6: Let fy: (P, tye, ) > (Q, Oe.) be N.,gsa* — closed map and gy: (Q,oy,,,) > (R,Yw,,,) 
be N,,, — closed map, then gyofy : (P, tye, ) > (R, Viva) is Ne,gsa* — closed map , if (Q, Op) is 
Noygsa* — Tr), space. 


Proof: Let A be any N,,—CS in (P, Ty) . Given fy is N.ygsa* — closed map , then fy(A) is 
Neygsa* —CS in (Q, Oi.) . Given (Q, One) is Ney,gsa* — Pup space , then fy(A) is N.,—CS in 
(Q, On.) . Given gy is Ney, — closed map, then gy(fy(A)) is Ney —CS in (R, Vii) > gvofy(A) is 
Noygsa* —CS in (R, Vin, => gnofn is Neygsa* — closed map . 


Theorem 4.7: Let fy: (P, tye, ) > (Q, Oy) and gy: (Q,on,,,) > (R,Yw,,,) be two N.,, — mappings. 
Then the following statements are true . 


(1) If gwofy + (P, tw.) > (R> Ye, ) iS Neugsa* — open map and fy is Ne, — continuous, then gy 
is Neygsa* — open map. 


(2) If gyofy + (P, twe,) > CR» Yne,) is Neu — closed map and gy is Ne,gsa@* — continuous, then fiy 
is N.,gsa* — closed map . 


Proof: (1), Let A be any N,,—CS in (Q, On) . Given fy is Ne, — continuous , then fy '(A) is 
Ney — OS in (P, Tye) . Given gyofy is Neygsa* — open map , then gyofy (fv 7) = gy (A) is 
Neygsa* — OS in(R, Yew) => gy is Neygsa* — open map. 


(2), Let Abe any N., —CS in (P, ty) . Given gyofy is Ne, — closed map, then gyofy(A) is Ney — 
CS in (R , Vis) . Given gy is Ne,gsa* —continuous , then Gu Gnofv(®)) = fy(A) is Neygsa* — 
CS in (Q, Ox.) > fy is Ney.gsa* — closed map . 


Theorem 4.8: Let fy: (P, tye,) > (Q, Gu...) be a bijective N., — mapping . Then the following are 
equivalent. 


(1) fy is Nengsa* — openmap, (2) fy is Ne,gsa* — closed map, (3) fy is Neygsa* —continuous[2] . 


Proof: (1) > (2), Let Abe any No, —CS in (P, ty,,) > A° is Ne,—- OS in(P, ty,,). Given fy is 
Neugsa* — open map , then fy (A°) = (fy(A))* is Neygsa* — OS in (Q, On.) => fy(A) is Ney, gsa* — 
CS in (Q, Ou) > fy is Ney.gsa* — closed map . 


(2) > (3), Let Abe any N.,—CS in (P, tyes) . Given fy is Neygsa* — closed map , then fy (A) is 
Neugsa* — CS in (Q, oy,,) . Given fy is bijective , then (hy) = fy(A) is Neygsa* —CS in 
(Q, ov,,,) = fy iS Newgsa* —continuous . 

(3) = (1), Let A be any N,,—OS in (P, THe) . Given fy is N,,gsa* —continuous , then 
(fv) Ww = fy (A) is No,gsa* — OS in (Q, Ow...) => fy is Neygsa* — open map . 


Theorem 4.9: Let fy: (P, TH.) > (Q, Oy.) be N.,gsa* — closed map and (Q,oy,,,) be Nz, gsa* — 
T1 /, Space, then fy is N.,, — closed map . 


Proof: Let A be any N,,—CS in (P, Tie) . Given fy is Neygsa* — closed map , then fy(A) is 
Neygsa* —CS in (Q, Ons) . Given (Q, One) is Noygsa* — T1/, space , then fy(A) is Ne, —CS in 
(Q, oy,,,) = fy is Ney — closed map . 


Theorem 4.10: Let fy: (P, tye, ) > (Q, Oy.) be N.,gsa* — closed map and (Q,oyn,,,) be No, gsa* — 


fy, space, then fy is Ne,a@— closed map . 
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Proof: Let A be any N,,—CS in (P, Ti) . Given fy is Neygsa* — closed map , then fy(A) is 
Neygsa* —CS in (Q, Ove) . Given (Q, On) is Ney,gsa* — Ty, space , then fy(A) is N.,—CS in 
(Q, oy,,) > fv(A) is Newa—CS in(Q, oy,,) > fy iS Newa — closed map . 

Remark 4.10(a): The above theorem is true if we replace f as N,,,5 —closed map , N,,,a@* — closed map , 
NeuR — closed map , Ne,Sa — closed map and N,,ga — closed map . 

Theorem 4.11: Let fy: (Pty) > (Q, Ow.) be a bijective N,,— mapping and fy is Neygsa* — 
irresolute, then fy is Ne,gsa* — closed map . 

Proof: Let Abe any N,,—CS in /P, ty,,, >A is Neygsa* — CS in ;P, Ty,,,. . Given fy 1 is Neygsa* — 
irresolute , then (ft) Ww is Neygsa* — CS in (Q, ws) . Given fy is bijective , then (fi) = 
fy (A) is Ney gsa* — CS in (Q, OH.) > fy is N.,gsa* —closed map . 

Theorem 4.12: Let fy : (P, tye.) > (Q, ne) be N.y,gsa*— open map iff fy(Ney — int(A)) 
Neygsa* — int(fy(A)) , for each N,,, — set A in (P, oie.) : 

Proof: Let A be any N,,— set in (Pty...) => Noy, — int(A) is Ne, -—OS in (P, ty.) . Given fy is 
Neygsa* — open map, then fy (Ney — int(A)) is Neygsa* — OS in (Q, Ow.) => Ney,gsa* — int (fi (Ney — 
int(A))) = fiv(New — int(A)) . Given fy(Ne — int(A)) & fy (A), then fiy(Ney — int(A)) = Neugsa” — 
int (fv (New = int(A))) c N.,gsa* — int(fy(A)) . Conversely , Suppose A is No, — OS in(P, Ty, ) 
. Then by hypothesis , fy(A) = fy(Nex — int(A)) © N.,gsa* — int(fy(A)) > @ . Given Npygsa* — 
int(fy(A)) is the largest N,,gsa* — OS which is contained in fy(A) , then N,,gsa* — int(fy(A)) © 
f(A) > @ . From @) and @), fy(A) = Newgsa* — int(fy(A)) = f(A) is Nevgsa* — OS in (Q, on,,,) > 
fy is Neugsa* — open map . 

Theorem 4.13: Let fy : (Pty...) > (Q, On.) be Neygsa* — closed map iff fy(Ney — cl(A)) 2 
Ney gsa* — cl(fy(A)) , for each Np, — set A in (P, Tie.) ‘ 

Proof: Let A be any N,,— set in (P, ty...) => N.,—cl(A) is Ney —CS_ in (P, Bi) . Given fy is 
Neygsa* — closed map , then fy (Ney, — cl(A)) is Neygsa* — CS in (Q, On.) > N.,gsa* — cl (fi (Ney — 
cl(A))) = fu(Neu-cl(A)) . Given fy(A) S fy(Nex—el(A)) , then fy (Ney cl(A)) = Neugsa* — 
cl (fi (Ney — cl(A))) > N,,gsa* — cl(fy(A)) . Conversely , Suppose A is Ney, — CS in (P, Tia.) . Then 
by hypothesis , fy (A) = fy(Nex — cl(A)) 2 N.,gsa* — cl(fy(A)) > @ . Given N,,gsa* — cl(fy(A)) is 
the smallest N.,gsa* — CS containing fy(A) , then fy(A) © N.ygsa* — cl(fy(A)) > @ . From @) and 
@ , fy(A) = Newgsa® — cl(fy(A)) > f(A) is Neugsa* — CS in (Q, ow,,,) > fv is Newgsa* — closed 
map. 

Theorem 4.14: Let fy: (P, | > (Q, Ove) be N.,gsa* — closed map, then N,, — cl (fy 7A) 2 
fy (Neygsa* — cl(A)) for every Ne, — set A of (Q, Ow, : 

Proof: Let A be a N,, — set in (Q, Ons, ) > N,, — cl (fv 7) is No, —CS in (P, Tye, )s Given fy is 


In 


Neygsa* — closed map , then fy (Wer —cl (fy*@)) is No, gsa* — CS in (Q, oy,,)- By theorem 4.13 , 
fv (Neu — et (fu *())) 2 Newgser* — ct (Fv (fu *(®))) 2 Newgsa*—cl(A) = Ney ~ el (fy 74) 2 
fv * (Neugsa* — cl(A)) . 

Theorem 4.15: Let fy : (P, TN) > (Q, Ove) be N.,gsa* — open map, then N,,, — int (fr Cc 
fy (Neygsa* — int(A)) for every N., — set A of (Q, us) , 

Proof: Let AbeaN,,— set in(Q, Oy.) > N,, — int (fv (A) is Ney — OS in (P, tye.) . Given fy is 
Neugsa* — open map , then fy (Wer —int (fv) is N.,gsa* —OS in(Q, On.) Now , fy (Wer - 
int (fv) CN,,gsa* — int (ty (fy) CN,,gsa* —int(A) (by theorem 4.12) >N,y— 
int (fy *(A)) S fv * (Weugsa* — int(A)) 
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5.Conclusions : In this paper we have discussed about the N,,,gsa* — open and closed map . We had 
an idea to extend this paper to the next level about N,,,gsa*— homeomorphism and also the 
application of this paper . In future work , we will discussed and find out the results of this paper 
application. 
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